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INTRODUCTION 
1 The a i m  of t h i s  paper  i s  t o  i d e n t i f y  some of t h e  p r i o r i t y  research  areas 
i n  t h e  f i e l d  of r u r a l  land use ,  and p a r t i c u l a r l y  t h o s e  which would b e n e f i t  
from c o l l a b o r a t i o n  between t h e  l i f e  s c i e n c e s  ( r e p r e s e n t e d  by t h e  Natura l  
I Environment Research Counci 1 (NERC) and s o c i a l  s c i ences  ( r ep resen ted  by the  S o c i a l  Science Research Council (SSRC) . 
2 The approach i s  from t h e  l i f e  s c i e n c e s  end of t h e  spectrum, recognizing 
t h a t  w h i l s t  t h e r e  i s  a g r e a t  d e a l  of in-house r e s e a r c h  of a t e c h n i c a l  
n a t u r e ,  t h e r e  i s  i n c r e a s i n g  i n t e r a c t i o n  betwean t h e  two sc iences  an n a t u r e ,  
landscape and environment conservat ion  i n t e r e s t s  become s t r o n g e r ,  and a s  
demands on t h e  l and  resource  i n c r e a s e  and change. The s o c i a l  and 
ewnomic requirements of t h e  popula t ion  have t o  be balanced q g d n s t  t h e  
s h o r t  and long  term production capac i ty  of t h e  land.  
3 Within t h e  United Kingdom t h e  smal l  land  a r e a  r e l a t i v e  t o  the  populat ion 
predisposes  us t o  a c o n f l i c t  of land use i n t e r e s t s .  These i n t e r e s t s  o r  
demands e x e r t  competing p ressu res  on l and  use through,  f o r  example, 
i n c r e a s i n g  demand f o r  home grown f o r e s t  products ,  i n c r e a s e d  e f f i c i e n c y  of 
a g r i c u l t u r e  from a reduced a r e a ,  reduced demand f o r  wa te r ,  p o t e n t i a l  
i nc reased  denand f o r  sources  of renewable energy. P ressu res  f o r  change 
i n  r u r a l  land  use a re  in f luenced  by and in f luence  s o c i a l  and economic ' 
c h a r a c t e r i s t i c s  of t h e  popula t ion .  Some of t h e s e  competing preasures  a r e  
s a t i s f a c t o r i l y  resolved through e x i s t i n g  markets; o t h e r s  r e q u i r e  p o l i c i e s  
f o r  t h e  p u r s u i t  of wider o b j e c t i v e s .  
4 The a i m s  of the  World Conservation S t r a t e g y  (WCS) are: 
i t o  maintain e s s e n t i a l  e c o l o g i c a l  processes  and l i f  e-support systems, 
i i )  t o  p rese rve  g e n e t i c  d i v e r s i t y ,  
i i i )  t o  ensure  t h e  s u s t a i n a b l e  u t i l i z a t i o n  of s p e c i e s  and ecosystems. 
When app l i ed  t o  t h e  land resource  of t h e  United Kingdom they may be 
i n c o n s i s t e n t  wi th  i v ) ,  t o  ' y i e l d  t h e  g r e a t e s t  s u s t a i n a b l e  b e n e f i t  t o  
p resen t  gene ra t ions  while  mainta in ing  i t s  p o t e n t i a l  t o  meet t h e  need6 and 
a s p i r a t i o n s  of f u t u r e  genera t ions '  ( I n t e r n a t i o n a l  Union f o r  Conservation and 
Natura l  Resources 1980). The chal lenge  i n  r e s e a r c h  i s  t o  quan t i fy  t h e  
po l i cy  b e n e f i t s  and. i d e n t i f y  ways i n  which an optimum combination of 
b e n e f i t s  can be achieved wi th in  t h e  c o n s t r a i n t s  on t h e  p u r s u i t  of these  
o b j e c t i v e s .  The c o n s t r a i n t s  r e l a t e  t o  the  a v a i l a b i l i t y  of p u b l i c  funds ,  
the  l i m i t s  of resource  supply and o f  t h e  p r i v a t e  o b j e c t i v e s  of resource  
o m e r s  . 
I n s t i t u t e  of T e r r e s t r i a l  Ecology, Merlewood Research S t a t i o n ,  - 
Grange-oversands,  Cumbria. 
Department of A g r i c u l t u r a l  Economics, Univers i ty  of Newcastle-upon-Tyne. 
GENERAL RESEARCH NEEDS 
5 Before d i s c u s s i n g  some of t h e  p a r t i c u l a r  r e sea rch  ques t ions  r e l a t e d  t o  
r u r a l  l and  use ,  t h e r e  a re  f o u r  gene ra l  f e a t u r e s  which should  be inc luded 
i n  t h e  developing research  programme. 
Combination and interaction of uses 
6 Because o f  t h e  s t r u c t u r e  of Government o rgan iza t ions  and our h i s t o r y  of 
l a n d  u s e ,  ou r  understanding and management has  become compartmentalized. 
Research w i t h i n  each compartment, eg f o r e s t r y ,  a g r i c u l t u r e  o r  n a t u r e  
conse rva t ion ,  i s  w e l l  developed, b u t  t h e r e  is a lack  of Understanding of 
how land uses  may be  a l l o c a t e d  o r  i n t e g r a t e d  f o r  mutual b e n e f i t .  ms, 
d e s p i t e  t h e  f a c t  t h a t  much of ou r  l a n d ,  e s p e c i a l l y  t h e  uplands, i s  under 
m u l t i p l e  use. There i s  a l s o  evidence t h a t  wi th in  a  l and  hold ing ,  planrred 
a l l o c a t i o n  of l a n d ,  f o r  example t o  farming and f o r e s t r y ,  can inc rease  
m a t e r i a l  and economic production.  More i n t e g r a t e d ,  mult iple-cropping 
systems may a l s o  be b e n e f i c i a l  on c e r t a i n  land types .  Whether with 
a l l o c a t i o n  o r  i n t e g r a t i o n ,  ' t h e r e  a r e  remarkably few f a c t s  r e l a t i n g  t o  t h e  
I n t e r a c t i o n  o f  t h e  ( land use)  systems,  as production funct ions  o r  even as 
case  s t u d i e s '  (Mutch & Hutchinson 1980). Thus a  primary research  need i s :  
- t o  examine t h e  p o t e n t i a l  of land f o r  varying combinations of uses 
and degrees of i n t e g r a t i o n ,  with t h e  a s soc ia t ed  economic and s o c i a l  
consequences and c o n s t r a i n t s .  
7 There i s  a r e c u r r e n t  demand f o r  l o c a l  c a s e  s t u d i e s  which provide information 
a t  a  r e a l i s t i c  management l e v e l  bu t  u s u a l l y  l a c k  t h e  capac i ty  f o r  more 
gene ra l  s p p l i c a t i o n .  Conversely, i n  t h e  c o l l e c t i o n  of n a t i o n a l  informat ion ,  
t h e  s t r u c t u r e  of t h e  d a t a  i s  l o s t ,  t hus  prevent ing  examination o f  r eg iona l  
o r  l o c a l  v a r i a t i o n s .  The va lue  of r e sea rch  informat ion  i s  increased  where 
t h e r e  i s  a s t r u c t u r e d  framework al lowing r e p l i c a t e d  l o c a l  s t u d i e s  t o  be  
s e l e c t e d  from def ined  s t r a t a  and q u a n t i t a t i v e l y  p laced  i n  r e g i o n a l  and 
n a t i o n a l  context .  P a r t i c u l a r  problems a r i s e  when sampling c rosses  
admin i s t r a t ive  boundaries  and t h e  development o f  a  European pe r spec t ive  is 
i n h i b i t e d  by incompatible b a s e l i n e  information.  
Short and Long term research 
6 Research dur ing  t h e  next  decade needs t o  focus on t h e  ques t ions  t h a t  w i l l  
a r i s e  i n  t h e  l a t e  1990s. There i s  a cons iderable  amount of ad hoe r e sea rch  
designed t o  answer t h e  ques t ions  of t h e  day, b u t  r e s e a r c h ,  l i k e  many 
i n d u s t r i a l  and s o c i a l  developments, has a long lead-t ime.  Thus an 
important  component of t h e  r e sea rch  programme should be s p e c u l a t i v e  and 
s t r a t e g i c .  
Research for decisionmaking 
9 There i s  a  tendency, a t  l e a s t  i n  t h e  l i f e  s c i e n c e s ,  t o  concen t ra t e  research  
e f f o r t  onto  d e s c r i p t i o n  of t h e  p resen t  s t a t e ,  an a n a l y s i s  of how it has  
changed and on monitoring of change. Wnilst t h e  need f o r  ' f a c t s '  m d  
b a s e l i n e  in fo rma t ion  i s  r e a l ,  t h e  important  ques t ions  a r e  concerned w i t h  
t h e  f u t u r e  - a n a l y s i s  of how land uses  a re  l i k e l y  t o  change, what i s  t h e  
p o t e n t i a l  f o r  change, how can we c o n t r o l  and what i s  t h e  opt imal  ba lance  
t h a t  we wish t o  achieve? (F igure  1 ) .  Such ques t ions  t end  t o  be t r e a t e d  
a s  mere s p e c u l a t i o n ,  bu t  p r e d i c t i o n  and explor ing  op t ions  (opt imiz ing)  
demand t h e  same r i g o u r  as o t h e r  a s p e c t s  of the  s c i e n c e ;  var ious  
techniques  a r e  a v a i l a b l e  bu t  a r e  l i t t l e  used by r e s e a r c h e r s ,  p lanners  o r  
l and  use managers. ?he development, app l i ca t ion  and t e s t i n g  methods f o r  
f o r e c a s t i n g ,  op t ion  assessment and a p p r a i s a l  on decision-making i s  one 
r e sea rch  need ;  ensu r ing  t h e i r  a p p l i c a t i o n  i s  another  phase of t h e  
resource  a l l o c a t i o n  a c t i v i t y  which, u l t i m a t e l y ,  i s  f o r  decision-makers t o  
undertal..e. 
RESEARCH TOPICS IK RURAL LAND USE 
10 I t  i s  convent ional  t o  cons ide r  l a n d  uses  i n d i v i d u a l l y .  Kowever, t h e r e  i s  
cons ide rab le  m u l t i p l e  land use  and i n t e r a c t i o n ,  wi th  combined e f f e c t s  on 
t h e  r u r a l  community, and t h i s  i s  where a  research  t h r u s t  i s  requi red .  A s  
t h e  q u e s t i o n s  a s s o c i a t e d  wi th  land  use i n  the  uplands and lowlands a r e  
d i s t i n c t ,  t h e  two land types  a r e  cons idered  s e p a r a t e l y .  
UPLANDS 
11 The Countryside Commission debate 'What f u t u r e  f o r  t h e  Uplands?' (1983) 
i d e n t i f i e d  t h e  c e n t r a l  i s s u e s :  
'The v a r i o u s  s t u d i e s  of changes i n  both  t h e  landscape and t h e  soc io-  
econonic  well-being of t h e  uplands re -af f i rm t h a t  a  means must be  
found t o  achieve  b e t t e r  co-ord ina t ion  of government p o l i c i e s .  Only 
i n  t h i s  way w i l l  i t  be p o s s i b l e  t o  reconci leand achiewe t h r e e  pol icy  
o b j e c t i v e s  f o r  which t h e r e  i s  a l r eady  a  wide concensus of  p u b l i c  
suppor t :  
S o c i a l  - t o  maintain t h e  popula t ion  l e v e l s  i n  t h e  uplands and 
r easonab le  p rov i s ion  of s e r v i c e s ;  
Economic - t o  provide  o p p o r t u n i t i e s  f o r  s u i t a b l e  economic 
development which t ake  account of  t h e  s p e c i a l  needs of t h e  
uplands;  
Environmental - t o  sa fegua rd  a reas  of p a r t i c u l a r  n a t i o n a l  s c e n i c ,  
r e c r e a t i o n a l  and w i l d l i f e  importance. 
A l l  t h e  departments and agencies ,  whether i n  Whitehal l  o r  B r u s s e l s ,  
whose p o l i c i e s  have an impact on t h e  uplands, should  recons ider  t h e s e  
p o l i c i e s  a g a i n s t  t h e  t h r e e  o b j e c t i v e s  above. The atm should be t o  
ensure  t h a t  pu re ly  s e c t i o n a l  o b j e c t i v e s  a re  not i n  c o n f l i c t  with 
o v e r a l l  po l i cy  o r  o t h e r  o b j e c t i v e s . '  
1 2  Unfor tunate ly  s e c t i o n a l  o b j e c t i v e s  a r e  i n  c o n f l i c t  and the t h r e e  o b j e c t i v e s  
a r e  probably themselves incompatible  - unless  acceptable  l e v e l s  of s o c i a l ,  
economic and environmental  s t a t e s  a r e  defined and agreed. Research i s  
r equ i red  t o  p rov ide  f u r t h e r  information t o  c l a r i f y  t h e  i s sues  and opt ions  as 
a  b a s i s  f o r  po l i cy  dec i s ions ,  t h e  research  o b j e c t i v e s  being: 
Figure 1. THE MAIN QUESTIONS AND ACTIVITIES CONCERNED KITH RURAL LAND USE P L ~ I N G  
! 
 SCRIBE environment \ 
/ Physical 
change in use, ecological ~ s s e s s  potential. 
and social causes ) 1 .  \ - OPTIMI 1 SE land use 1 
end consequences options and effects 
PREDICT change in 
use. Ecological and 
social consequ;nces. 
Planning decisions 
and 'implementation 
- t o  p rov ide  q u a n t i t a t i v e  p r e d i c t i o n s  of l i k e l y  f u t u r e  changes i n  
popu la t ion  s t r u c t u r e  and economics, land  use p a t t e r n ,  landscape 
and n a t u r e  conservat ion e x p e c i a l l y  i n  a reas  where pol icy  c o n f l i c t  
i s  l i k e l y  t o  b e  maximal, eg Na t iona l  Parks  and National  Scenic  Areas; 
- t o  e s t a b l i s h  a  monitoring programme designed t o  eva lua te  and improve 
p r e d i c t i o n s ;  
- t o  a s s e s s  t h e  ex ten t  t o  which p o l i c i e s  do i n  f a c t  c o n f l i c t ,  i e  what i s  
t h e  t r ade -o f f  between p o l i c i e s  promoting competing a c t i v i t i e s  such as  
a g r i c u l t u r e  and f o r e s t r y ;  
- t o  determine t h e  ex ten t  t o  which changes i n  land use can be induced by 
d i f f e r i n g  types  of c o n t r o l ,  eg  t a x  i n c e n t i v e s ,  s u b s i d i e s ,  planning 
r e s t r i c t i o n s .  
Two examples of one approach t o  such o b j e c t i v e s ,  us ing  l i n e a r  progrsloming t o  
e x p l o r e  l a n d  a l l o c a t i o n  opt ions  and c o n f l i c t i n g  p o l i c i e s ,  a r e  given i n  
Appendix I.  I t  should be emphasized t h a t  t hese  a r e  examples and a  wider  
range of methods are  a v a i l a b l e ;  it i s  t h e  approach which i s  r e l evan t  here .  
13 F o r e s t r y  i s  expanding and i s  l i k e l y  t o  cont inue  t o  expand. The research  
requirements  i n  f o r e s t r y  have been d i scussed  a t  a  r ecen t  workshop inc lud ing  
f o r e s t r y ,  conserva t ion ,  hydrology, u n i v e r s i t y  and r e sea rch  i n t e r e s t s .  The 
t o p i c s  i d e n t i f i e d  a re  given i n  Appendix I1 and inc lude  main a spec t s  of 
i n t e r a c t i o n  of f o r e s t r y  wi th  o t h e r  l a n d  uses.  Many of  t h e  t o p i c s  have 
s o c i a l  and economic impl i ca t ions  bu t  a spec t s  which a re  not  covered and 
which i n t e r f a c e  wi th  s o c i a l  s c i e n c e s  are:  
- t o  determine t h e  e f f e c t  of  a f f o r e s t a t i o n  on t h e  s o c i a l  and economic 
s t r u c t u r e  of d i f f e r e n t  r u r a l  communities and on o t h e r  land uses ;  and 
t o  i d e n t i f y  t h e  c h a r a c t e r i s t i c s  of  r u r a l  communities which would r e c e i v e  
most b e n e f i t  from f u t u r e  a f f o r e s t a t i o n .  
See  a l s o  Appendix I11 f o r  recommendations f o r  r e sea rch ,  inc luding  socio-  
economic r e s e a r c h ,  from t h e  Cent re  f o r  A g r i c u l t u r a l  S t r a t egy  (1980); 
S t r a t e g y  f o r  t h e  UK f o r e s t  i ndus t ry .  -- 
14 A g r i c u l t u r e  w i t h i n  t h e  uplands has  been t h e  s u b j e c t  of many r e p o r t s ,  
reconmendations and p l e a s ,  e s p e c i a l l y  i n  r e l a t i o n  Zo r u r a l  depopulat ion 
and s o c i a l  dep r iva t ion .  Analysis o f  t h e  e x t e n t  t o  which var ious  p o l i c i e s  
and i n c e n t i v e s  have succeeded i n  s u s t a i n i n g  marginal  a g r i c u l t u r e ,  and t h e  
cond i t ions  which have been conducive t o  success ,  may be  a  p r o f i t a b l e  
r e s e a r c h  s u b j e c t .  
15 A g r i c u l t u r a l  improvement of moorland has  produced hea ted  debate i n  such 
a r e a s  as  Exmoor. Whilst such i s s u e s  a r e  important  l o c a l l y ,  they a r e  of  
s m a l l  s i g n i f i c a n c e  t o  t h e  conserva t ion  of upland moors on a  n a t i o n a l  s c a l e .  
The moorland f r i n g e  r ep resen t s  a  zone of f l u c t u a t i n g  land use (Parry,  
Bruce & Harkness 1981). In 12 upland pa r i shes  i n  England and Wales, 2.6% 
of t h e  o r i g i ~ a l  moorland has been improved f o r  a g r i c u l t u r e  w h i l s t  5.0% has  
r e v e r t e d  from a g r i c u l t u r e .  Although improvement has increased  i n  recent  
yea r s  t h e  t o t a l  l o s s  of moorland, from a l l  uses.  by t h e  year  2000 w i l l  be  
about 10% given cont inuat ion  of r ecen t  t r e n d s  (F igure  2 ) .  Loss t o  
f o r e s t r y  w i l l  be g r e a t e r  i n  Scot land  h u t  t h e r e  t h e  a rea  of moorland i s  much 
g r e a t e r .  There a re  c l i m a t i c  and edaphic ,  as we l l  as economic f a c t o r s ,  
which w i l l  l i m i t  a g r i c u l t u r a l  improvement, bu t  a  s tudy of Exmoor ( h l i l l e r ,  
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Miles & Heal ,  i n  p r e s s )  I n d i c a t e s  t h a t  v e g e t a t i o n  nsnagement w i t h i n  t h e  
moorland i s  as i m p o r t a n t  t o  s u r v i v a l  of s c e n i c a l l y  i l cpor tan t  h e a t h e r  moor 
a s  a g r i c u l t u r a l  improvement. 
16 One a s p e c t  which d e s e r v e s  s p e c i f i c  a t t e n t i o n  i s  t h e  p o t e n t i a l  economic 
b e n e f i t  which can r e s u l t  from p l a n n e d  i n t e g r a t i o n  o f  a g r i c u l t u r e  and 
f o r e s t r y  on h i l l  and u p l a n d  fa rms .  The C e n t r e  f o r  A g r i c u l t u r a l  S t r a t e g y  
(1980) i n d i c a t e d  t h a t  i n c r e a s e d  a g r i c u l t u r a l  p r o d u c t i o n  can o c c u r  d e s p i t e  
l and  l o s s  t o  a f f o r e s t a t i o n .  Case s t u d i e s  have  i n d i c a t e d  t h a t  w i t h  planned 
l a n d  r e - a l l o c a t i o n  t o  f o r e s t r y ,  i n c r e a s e s  i n  a g r i c u l t u r a l  o u t p u t  may o c c u r  
b u t  s u g g e s t  t h a t  d e c r e a s e s  a r e  a l s o  p o s s i b l e  ( S t e w a r t  1978; hlutch 6- 
Hutchinson 1980) .  However, t h e  R i l l  Farming O r g a n i s a t i o n  have developed 
a  p l a n n i n g  model which e x m i n e s  t h e  c r i t i c a l  f a c t o r  o f  t h e  s p a t i a l  
ar rangement  of l a n d  a l l o c a t i o n  w i t h i n  a  h o l d i n g .  Based on a  c l a s s i f i c a t i o n  
o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  and p r o d u c t i o n  p o t e n t i a l  of t h e  l a n d ,  t h e  
model e x p l o r e s  t h e  p o s s i b l e  p a t t e r n s  of a f f o r e s t a t i o n  which would p rov ide  
t h e  b e s t  economic r e t u r n  f o r  a  h o l d i n g ,  min imiz ing  r o a d  and f e n c e  c o s t s  
w h i l e  m a i n t a i n i n g  t h e  c o n t i n u i t y  of t h e  a g r i c u l t u r a l  u n i t .  A wide range 
of economic r e t u r n  was produced w i t h  d i f f e r e n t  d e g r e e s  of i n t e g r a t i o n  under  
d i f f e r e n t  s i t e  c o n d i t i o n s  (Maxwell, S i b b a l d  & E a d i e  1979).  h i l s t  t h e  
b a s i c  i d e a  i s  n o t  new, t h e  p o t e n t i a l  b e n e f i t s ,  v a r i a t i o n s  i n  r e l a t i o n  t o  
farm t y p e  and s t r u c t u r e ,  t h e  p o l i c y  and s o c i a l  c o n s t r a i n t s  t o  implementa t ion ,  
a l l  ~ t i i l  n e e d  t o  b e  examined t h r o u g h  f i e l d  and t h e o r e t i c a l  r e s e a r c h .  
1 7  Energy from reneu'able r e s o u r c e s  i n  t h e  up lands  r e p r e s e n t s  a  l a n d  u s e ,  t h e  
development of which may b e  o f  b e n e f i t  t o  r u r a l  communities a s  w e l l  a s  
c o n t r i b u t i n g  t o  t h e  n a t i o n a l  energy b a l a n c e .  The s u b j e c t  i n  g e n e r a l  is  
c u r r e n t l y  i n t e n s i v e l y  r e s e a r c h e d  from v a r i o u s  a n g l e s  n a t i o n a l l y  and i n  
Europe ( e g  P a l z ,  C h a r t i e r  & H a l l  1981;  S t r u b ,  C h a r t i e r  & S c h l e s s e r  1983; 
C a r r u t b e r s  6. Jones  1 9 8 3 ) ,  b u t  i n  t h e  up lands  two a s p e c t s  have t h e  p o t e n t i a l  
f o r  a p p l i c a t i o n  a n d ,  w h i l s t  t h e  energy  t e c h n o l o g y  and f e a s i b i l i t y  i s  b e i n g  
e m l o r - d ,  s o c i a l  a s p e c t s  need  t o  b e  c o n s i d e r e d  more f u l l y  ( C a r r u t h e r s  & 
Jones 1983) :  
1) The u s e  o f  t h i n n i n g f  and f o r e s t  r e s i d u e s  f o r  energy from a  
, m o d i f i e d  form of c o n v e n t i o n a l  f o r e s t r y  i s  a  p l a u s i b l e  o p t i o n  
( M i t c h e l l  e t .  1983) .  F i v e  m i l l i o n  t o n n e s  cou ld  b e  produced 
f o r  e n e r g y  from t h e  e x i s t i n g  0 . 9  M h a  of upland f o r e s t ,  w i t h  an 
a d d i t i o n a l  5-18 M t from an e x p a n s i o n  o f  0.9-2.8 M h a ,  t h e  range  
dependent  on c o n s t r a i n t s  by o t h e r  l a n d  u s e s .  
ii) Cropping of s e m i - n a t u r a l  v e g e t a t i o n ,  p a r t i c u l a r l y  b r a c k e n ,  cou ld  
p r o v i d e  a  s i g n i f i c a n t  s o u r c e  o f  s o l i d  f u e l  o r  g a s  f o r  l o c a l  r u r a l  
communities.  T h e r e  are about  300 000 h a  of b racken  i n  B r i t a i n ,  
p a r t  of t h i s  can b e  cropped w i t h  modem farm machinery on l and  
which i s  c u r r e n t l y  under-used (Ca l laghan ,  S c o t t  & Lawson 1982).  
P r e l i m i n a r y  economic a s s e s s m e n t s  i n d i c a t e  t h a t  such  energy  
c r o p p i n g  i s  m a r g i n a l l y  n o n - v i a b l e ,  b u t  changing energy s u p p l i e s  
and c o s t s ,  t o g e t h e r  w i t h  s o c i a l  c o n s i d e r a t i o n s ,  cou ld  t i p  t h e  
b a l a n c e ,  a s  i n d i c a t e d  i n  t h e  wider  c o n t e x t  of t h e  European 
Community ( H e i d r i c h  61 S c h a f e r  1964) .  
18 Land t e n u r e  i s  a  key f a c t o r  c o n t r o l l i n g  land use i n  t h e  uplands ,  
superimposed on which a re  des igna t ions  such as  Nat ional  Pa rks ,  h 'a t ional  
Scen ic  Areas, Areas of Outstanding h 'a tura l  Beauty, SSSIs,  e t c .  X'hilst 
c o n s t r a i n t s  on land  use a r e  perceived by many people ,  e i t h e r  p o s i t i v e l y  o r  
n e g a t i v e l y ,  t h e r e  is  l i t t l e  o b j e c t i v e  d a t a  which d e f i n e  t h e  e x t e n t  t o  
which such d e s i g n a t i o n s  have a c t u a l l y  modified land use i n  t h e  des i r ed  
manner and have i n h i b i t e d  development such as a g r i c u l t u r e .  
19 A p a r t i c u l a r  f e a t u r e  of t h e  uplands i s  t h e  common l and  and c r o f t i n g s  which 
cover  some 2.5 hl h a .  Such areas  r ece ive  minimal management and are  
cons ide red  t o  be  important  r e s e r v o i r s  of w i l d l i f e  and r e c r e a t i o n .  
I n s t i t u t i o n a l  changes could enhance p r o d u c t i v i t y  bu t  w i l l  i n t e r a c t  with 
conse rva t ion  end recreation. Here t h e  range of op t ions  and t h e  
i n t e r a c t i o n s  between land uses can be  explored i n  advance of po l i cy  
d e c i s i o n s .  
20 Amongst compe t i to r s  f o r  land use ,  r e c r e a t i o n  has  r ece ived  some a t t e n t i o n  
from r e s e a r c h e r s  b u t  many ques t ions  remain t o  be  r e so lved .  The impact of 
farming p r a c t i c e s  on t h e  'amenity va lue '  of a g r i c u l t u r a l  l and ,  t h e  degree 
o f  competi t ion f o r  d i f f e r e n t  forms of r e c r e a t i o n a l  exper ience  and t h e  
b e s t  method of va lu ing  such p u b l i c  goods i n  a p p r a i s a l  s i t u a t i o n s  a r e  
examples. 
2 1  There may he  impor tant  i n t e r a c t i o n s  between t h e  s o c i a l  s t r u c t u r e  of r u r a l  
a r e a s  and t h e  human environment they o f f e r .  f o r  example, s e v e r a l  
q u e s t i o n s  remain t o  be  answered on r u r a l  housing which, i t s e l f ,  i s  but  
one component of t h e  motivat ion s e t  determining t h e  p a t t e r n  of s e t t l emen t .  
Rela ted  t o  t h i s  i s  t h e  problem of r u r a l  dep r iva t ion  which h a s ,  s o  f a r ,  
r ece ived  l i m i t e d  a t t e n t l o n .  
22 I n  t h e  lowlands t h e  ma jo r i ty  of land  i s  under s i n g l e  use. However, t h i s  
i s  more apparent  than  r e a l ,  f o r  although a g r i c u l t u r e  dominates,  t h a t  use 
i n f l u e n c e s  n a t u r e  conserva t ion ,  landscape and amenity uses  and wa te r  
q u a l i t y .  I s sues  and c o n f l i c t s  t end  t o  be  more i n t e n s e  i n  t h e  lowlands, 
f o r  va r ious  reasons and t h e  conclusion of t h e  Centre f o r  A g r i c u l t u r a l  
S t r a t e g y  (1976) remains t r u e :  'The information on l a n d  a rea ,  l and  use ,  
change i n  u s e ,  land c a p a b i l i t y  0 ~ ~ e r s h i . p  and t enure  is fragmentary and, 
i n  g e n e r a l ,  inadequate  f o r  land  a l l o c a t i o n  and p lanning  purposes and f o r  
p r e d i c t i n g  t h e  consequences of any proposed f i s c a l  l e g i s l a t i o n  on 
a g r i c u l t u r a l  product ion .  A n a t i o n a l  land  inventory  i s  needed. '  In 
p a r t i c u l a r  t r e n d s  i n  change i n  use ,  and t h e  consequences of t h e s e  changes 
t o  o t h e r  u s e s ,  lack  informat ion .  The Centre  f o r  A g r i c u l t u r a l  S t r a t egy  
(1976) emphasize t h e  n a t i o n a l  s c a l e ,  bu t  a t  t h e  r e g i o n a l  l e v e l  where 
p lanning  i s  put  i n t o  p r a c t i c e ,  information i s  extremely v a r i a b l e .  
23 The land  budget p r e d i c t i o n s  of Edwards and Yiihherley (1971) and t h e  Centre 
f o r  A g r i c u l t u r a l  S t r a t e g y  (1976) focus a t t e n t i o n  on some of t h e  key 
q u e s t i o n s  of  land  a l l o c a t i o n .  Although the  focus may be  on a g r i c u l t u r e ,  
they  i n c o r p o r a t e  o t h e r  u ses ,  and provide t h e  base f o r  developing a  more 
i n t e g r a t e d  view of  o u r  land  resource with t h e  capaci ty  f o r  examining 
i n t e r a c t i o n s  and exp lo r ing  r eg iona l  v a r i a t i o n s ,  l i n k i n g  wi th  methods 
d i scussed  e a r l i e r  (paragraph 12 ,  and Appendix I ) .  The s tudy by CAS (19767- 
has  been s e r i o u s l y  ques t ioned  by Vise and F e l l s  (1978) and t h e  pol icy  
i m p l i c a t i o n s  they  draw have been a t tacked by H'hitby and Thomson (1979). 
A v a r i e t y  of s p e c i f i c  i s s u e s  a r i s e  i n  t h e  lowlands a s soc ia t ed  with 
p a r t i c u l a r  t r e n d s  i n  management f o r  a g r i c u l t u r e  and f o r e s t r y  and t h e i r  
e f f e c t  on o t h e r  uses .  Such i s s u e s  r equ i re  research  t o  quan t i fy  t h e  ex ten t  
of management changes and t h e i r  consequences, eg: 
- t h e  removal and management of hedgerows w i t h  e f f e c t s  on w i l d l i f e  and 
and s o i l  conse rva t ion ;  
- t he  management of s traw and s t u b b l e  by burning and i t s  e f f e c t  on 
adjacent  f i e l d  boundaries  and s o i l  conservat ion;  
- t h e  e f f e c t s  of increased  land dra inage  on h a b i t a t  and s p e c i e s  l o s s  
and on management of remaining wetlands;  
- t h e  e f f e c t  of modified p e s t i c i d e  use and manageEent p r a c t i c e s  on 
w i l d l i f e  and game; 
- t h e  e f f e c t  of continued i n c r e a s e  i n  f e r t i l i z e r  use  (with reduced crop 
response) on ground and s u r f a c e  water  and on s o i l  s t a b i l i t y ;  
- t he  l o s s  of h a b i t a t  and reduct ion  i n  spec ies  popula t ions  of conservat ion  
i n t e r e s t ,  and of landscape f e a t u r e s ,  through conversion of deciduous 
t o  coni ferous  f o r e s t .  
Whether these  i s s u e s  are t o  be  resolved by t axes  o r  s u b s i d i e s ,  by modifying 
t h e  ' r a r k e t '  ( a s  wi th  management agreements) o r  by admin i s t r a t ive  f i a t  ( a s  
w i t h  p lanning c o n t r o l s )  i s  a  b a s i c  ques t ion  t o  be resolved wi th  each 
problem. P o t e n t i a l  remedies may be  evalua ted  on t h e  b a s i s  of f i n a n c i a l  o r  
economic cos t  b u t  t h e  very C i f f i c u l t  problem of eva lua t ing ,  o r  even 
measuring t h e  b e n e f i t s ,  remains. 
The main research  requirement i s  i n  i d e n t i f y i n g  t h e  p o t e n t i a l  problem. 
be fo re  they become i s s u e s ,  i n  explor ing  and de f in ing  a l t e r n a t i v e  management 
p r a c t i c e s  which a r e  then used t o  d i v e r t  t he  problem and f i n d  p o s i t i v e  
s o l u t i o n s .  Examples of t h i s  approach a r e  ind ica ted  i n  the  f o r e s t r y  
research  p r i o r i t i e s  (Appendixes I1 and 111) i n  which, f o r  example, 
i nc reased  re sea rch  on s p e c i e s  n i x t u r e s  i s  advocated, o r  i n  t h e  Conservation 
and Development Programme f o r  t h e  Uli (1983) i n  which t h e  p o t e n t i a l  of o rgan ic  
farming i s  emphasized o r  i n  the  development of seed mixtures t o  provide a 
conservat ion management t o o l  t o  maintain herb-r ich meadows (Wells 1982). 
One of t h e  main r e sea rch  a reas  r e q u i r i n g  s t r a t e g i c  r e sea rch  i s  obviously 
t h a t  of energy conservat ion.  Whilst cons iderable  emphasis i s  p laced  on 
t e c h n i c a l  means of improving e f f i c i e n c y  of use of e x i s t i n g ,  l a r g e l y  non- 
renewable, resources ,  t h e  development of renewable energy sources l i n k s  t h e  
l i f e  and s o c i a l  s c i ences .  Assessment of p o t e n t i a l  energy from va r ious  
forms of biomass (Table 1) i n d i c a t e s  a  10% con t r ibu t ion  t o  t h e  UK primary 
energy consumption but  with cons iderable  s i g n i f i c a n c e  t o  r u r a l  economies and 
t o  n a t u r e  and landscape conservat ion.  The main research  needs have been 
i d e n t i f i e d  by Car ru the r s  and Jones (1983) and a r e  given i n  Appendix I V .  
Table 1. 
Estimates o f  p o t e n t ~ a l  annual UK energy output of  various means of decreasing 
the amounr o f  'unused' biomass energy (carruthers & .lones 1983) 
Rrrovrcr Enr:gy ovipux ~ P J I  
1ndui:iial and camrnerc ic i  r e l u r v  2?:'.U01 
Oorn r l r~c  and liadr re!u,t 7 i  0 LID' 
Oii and r y r ~ s  25 0 0 '  
Senapr  dud:? 23UD' 
Process war>r,  E 0 0 '  
Torai usban warlrr 0 8 ;  .OD 
Dry crop residues 1 4 i O C l j  
Wet crop reridurr 15 87 '  
A n l m l  warier 50.32' 
Horticultuial waslrs 0.91' 
Wood residues 21.~' 
Early thinning% 6.00' 
Total agricul~ural r r ~ r t e s  242.24 
Tolai  warier and b y p r o d u c ~  723.24 
Rural naruiai wgeiarion 58.68' 
Farm woodland 1 5 . ~ 7 ~  
Urban -etation 1 6 . 5 0 ~  
Aovaric and marine e(lrta1ion 4.29' 
Total unhareried vegerarion 94.74 
Toral 
% 1987 UK primary energy c o n r u m p ~ i o n ~  
Syrlem changer -dual purpose oilreed rape 
% 1981 U K  primary energy consumptionB 
7 Erurnatedroral producnon requlrlngd~rposal 197611977 
2 Esttmated ava8lable production 1976 
3 1977 
4 1980 
5 1975-1979 
6 1979 
7 Source year no1 r p ~ ~ t ~ e d  
8 8 369 PJ 
CONCLUSIONS 
28 There a r e  undoubtedly many d e t a i l e d  research  ques t ions  which a r e  r e l evan t  
t o  t h e  p r e s e n t  d i s c u s s i o n  - such ques t ions  as :  what i s  t h e  change i n  
b i r d  s p e c i e s  composition when moorland i s  a f f o r e s t e d ?  o r  what a r e  t h e  
b e s t  methods of a s s e s s i n g  landscape value? o r  how many jobs a r e  
generated by f o r e s t r y  ve r sus  farming? These a r e  mainlx ques t ions  of 
d e t a i l ,  r e f l e c t i n g  s e c t i o n a l  i n t e r e s t s ,  and have not  been developed i n  
t h l s  paper .  The a r e a  i n  which i n t e r - d i s c i p l i n a r y  research  i s  requ i red  
a s soc ia t ed  with t h e  n a t i o n a l  land resource i s  i n  the  i n t e g r a t i o n  of l a n d  
u s e s ,  i n t e g r a t i o n  ( inc lud ing  a l l o c a t i o n )  designed t o  minimize c o n f l i c t  
between i n t e r e s t s  and t o  provide an optimum balance of uses .  Such 
research  must i d e n t i f y  maln p o l i c i e s ,  t he  compa t ib i l i t y  of these  p o l i c i e s  
and t h e i r  i n t e r a c t i o n  with o t h e r  land uses.  To do t h i s ,  t h e  s t r a t e g i c  
research  must use  t h e  products  of d e t a i l e d  r e sea rch ,  bu t  t h a t  d e t a i l e d  
research  should  be genera ted  wi th in  a broader  framework which is c u r r e n t l y  
lacking .  This  i n t e r - d i s c i p l i n a r y  approach t o  research  does not  depend 
on t h e  presence of a s i n g l e  n a t i o n a l  agency re spons ib le  f o r  planning o r  on 
c o n t r o l s  on r u r a l  l a n d  use planning a t  a  r eg iona l  l e v e l  - t hese  a r e  
s e p a r a t e  i s s u e s .  
29 The changing r u r a l  l a n d  use  i n  B r i t a i n  and i t s  i n t e r - r e l a t i o n s h i p s  wi th  
s o c i a l  and economic needs cannot be separa ted  from s i m i l a r  ques t ions  i n  
o t h e r  c o u n t r i e s  and from t h e  genera l  p a t t e r n  of supply and demand of 
renewable r e sources .  P o l i c i e s  of t h e  European Community a r e  an obvious 
example. F igure  3 i n d i c a t e s  the  UK p o s i t i o n  ( i n  t h e  e a r l y  1970s), 
r e l a t i v e  t o  o t h e r  c o u n t r i e s ,  i n  the  degree of s e l f - s u f f i c i e n c y  f o r  
a g r i c u l t u r a l  products  and energy. Our pos i t ion  regarding  f o r e s t  products  
would show an even lower degree of s e l f - s u f f i c i e n c y  - a  d e f i c i t  of about 
90%. Thus t h e  a l l o c a t i o n  of land t o  d i f f e r e n t  uses w i t h i n  a  country needs 
t o  be designed t o  complement those of o t h e r  coun t r i e s  t o  provide  an optimum 
balance  f o r  t h e  Cornunity as  a whole. The ques t ions  of p o l i t i c a l  
s o l u t i o n s  t o  such a  cbal lenge  should no t  be confused with t h e  m a l y s i s  of 
l and  resource  o p t i o n s .  
30 F i n a l l y ,  r e t u r n i n g  t o  a  more domestic n o t e ,  t he  need f o r  a  co-ordinated 
b a s e l i n e  of n a t i o n a l  informat ion  on l and  resources  from which t o  exp lo re  
changes i n  l and  use  and ecology has been i d e n t i f i e d  a s  a  p r i o r i t y  a r e a  by 
t h e  I n s t i t u t e  of T e r r e s t r i a l  Ecology wi th in  NERC (Appendix V). The next  
s t e p  i n  tbe  process  of n a t i o n a l  resource  a l loca t ion  must he t o  develop 
methods by which such i n v e n t o r i e s  can be  converted t o  a usable  s t a t e  f o r  
decision-makers. \%ether  t h i s  w i l l  b e s t  be done by i d e n t i f y i n g  a u n i t  of 
' conservat ion '  o r  whether  by a t t a c h i n g  monetary va lues  t o  p a r t i c u l a r  
environmental phenomena remains t o  be  seen. 
Figure 3. The degree of self-sufficiency in food and energy in 
various countries (from Raek 1979) 
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AN APPROACH TO EXPLORING LAKD USE OPTIOKS h K D  CONFLICTIKG POLICIES 
EXPLORING OPTIONS FOR LAND ALLOCATIOS 
P r e s s u r e s  on a  l i m i t e d  land re source  come from a  v a r i e t y  of uses.  The demand 
f o r  products  changes w i t h  time as does t h e  production p o t e n t i a l  through 
t e c h n i c a l  development. Thus t h e  p a t t e r n  of use i s  changlng and n i t h  i t  t h e  
oppor tun i ty  t o  i n f l u e n c e  t h e  d i s t r i b u t i o n  of use ,  whether by d i r e c t  p lanning 
o r  by persuas ion .  In t h e  uplands of B r i t a i n  the  expansion of f o r e s t r y  and of 
t h e  gene ra l  c h a r a c t e r i s t i c s  of t h e  p lanning process (Centre f o r  A g r i c u l t u r a l  
S t r a t e g y  1980). The ' c o n f l i c t '  may b e  resolved by market forces  and p o l i t i c a l  
p r e s s u r e s ,  b u t  assuming some l e v e l  of cooperat ion between t h e  agencies invo lved ,  
i e  moving from s e c t o r a l  t o  i n t e g r a t e d  p lanning,  t h e r e  a re  various techniques  
which can a s s i s t  i n t e g r a t i o n  of in fo rmat ion .  
The a n a l y s i s  of l and  a l l o c a t i o n  o p t i o n s  i n  Cumbria by Bishop (1978) shows a  
sequence of p rocesses  which i s  of g e n e r a l  app l i ca t ion :  c l a s s i f y  and survey l and  - 
a s s e s s  land use  p o t e n t i a l  - d e f i n e  c o n s t r a i n t s  and o b j e c t i v e s  - optimize l a n d  
a l l o c a t i o n  - r e p e a t  w i t h  r e v i s e d  v a r i a b l e s .  
The i n i t i a l  l a n d  c l a s s i f i c a t i o n  d e s c r i b e d  t h e  phys ica l  a t t r i b u t e s  o f  c l i m a t e ,  
geology and physiography which l a r g e l y  determine land uses i n  an a rea  which 
ranges  from f e r t i l e  lowlands t o  s e v e r e  montane condi t ions .  The land 
c l a s s i f i c a t i o n  (Bunce, Barr k U h i t t a k e r  1981) derived from e x i s t i n g  maps, was 
used  t o  survey t h e  county and d e f i n e  t h e  a rea  and d i s t r i b u t i o n  of each of t h e  
16 l and  c l a s s e s  i n  t h e  6800 km2 of t h e  county, us ing  1 km2 c e l l s  as t h e  b a s i c  
l a n d  u n i t .  
The dominant land use  i s  a g r i c u l t u r e  w i t h  a combination of da i ry  p lus  a  s m a l l  
a r e a  of a rab le  l a n d  i n  t h e  lowlands ,  and beef and sheep r e a r i n g  on the  marginal  
l a n d  and uplands. About 6% of  t h e  county i s  cu r ren t ly  under coni ferous  o r  
deciduous f o r e s t  and t h e  a rea  i s  expanding. Superimposed on these  d i r e c t  l a n d  
u s e s ,  nea r ly  h a l f  of t h e  county i s  des igna ted  f o r  na tu re  and landscape 
conservat ion  and r e c r e a t i o n ,  i n c l u d i n g  t h e  Lake D i s t r i c t  National  Park. 
A m a t r i x  was developed d e f i n i n g  the  production p o t e n t i a l  o f  each a ~ r i c u l t u r a l  
and f o r e s t r y  use  f o r  each land c l a s s .  Production p o t e n t i a l  u7as assessed from 
a  combination of observed and t h e o r e t i c a l  va lues ,  t h e  l a t t e r  based on t h e  known 
p h y s i c a l  c o n d i t i o n s  of t h e  land c l a s s e s .  A g r i c u l t u r a l  and f o r e s t r y  production 
was q u a n t i f i e d  i n  te rms of meat, wool, milk o r  t imber ou tpu t  p e r  ha.  For 
comparison, t h e  less t a n g i b l e  uses of n a t u r e  conservat ion  and r e c r e a t i o n  were 
given numerical  v a l u e s  Using,  as  f a r  a6 p o s s i b l e ,  measurable c r i t e r i a  such as  
s p e c i e s  d i v e r s i t y  and c a r r y i n g  capaci ty .  The va lues  were e s t ima ted  f o r  both 
l a n d  c l a s s  and l a n d  u s e ,  t h u s  allowing a  range of combinations t o  be produced. 
Add i tona l ly ,  t h e  l a b o u r  i n p u t  requi red  f o r  l e v e l s  of l and  use was def ined ,  
a l lowing a n a l y s i s  of t h e  e f f e c t  o f  land a l l o c a t i o n  on employment i n  the county. 
C e r t a i n  c o n s t r a i n t s  t o  t h e  a l l o c a t i o n  of land t o  a  p a r t i c u l a r  use  may be 
i d e n t i f i e d .  For example, i n  Cumbria expansion of forestr). w i t h i n  the  Nat ional  
Parks  and on to  Common Land i s  r e s t r i c t e d  thus l i m i t i n g  t h e  ' a v a i l a b i l i t y '  of a  
p ropor t ion  of t h e  a r e a  of c e r t a i n  land c l a s s e s .  A t  t h e  t ime of t h e  s tudy p a r t  
of t h e  county was proposed f o r  des ignat ion  as an Area of Outs tanding Natura l  
Beauty and t h e  p o s s i b l e  e f f e c t  of t h i s  c o n s t r a i n t  on f o r e s t  development was a l s o  
examined. 
Within t h e s e  c o n s t r a i n t s  t h e  o b j e c t i v e s  t o  be  achieved i n  any l a n d  a l loca t ion  
were t o  maximize o u t p u t  of i n d i v i d u a l  p roduc t s ,  eg wood,while maintaining a t  
l e a s t  t h e  c u r r e n t  l e v e l s  Of ou tput  of o t h e r  products ,  t h e  c u r r e n t  conservation 
and r e c r e a t i o n a l  ' v a l u e '  and employment l e v e l s .  
Up t o  t h i s  s t a g e  B i shop ' s  s tudy d id  no t  d i f f e r  markedly from many planning 
e x e r c i s e s  i n  t h e  t y p e  of informat ion  c o l l e c t e d ,  a l though h i s  emphasis w a s  
c l e a r l y  q u a n t i t a t i v e  and sys temat i ca l ly  r e l a t e d  t o  t h e  i n i t i a l  l a n d  c l a s ses .  
Bwever  i n  t h e  f i n a l  s t a g s t o  examine t h e  optimum d i s t r i b u t i o n  o f  land uses t o  
achieve p a r t i c u l a r  o b j e c t i v e s ,  he used l i n e a r  programmiug r a t h e r  than t h e  more 
g e n e r a l l y  used methods o f  ove r l ay  and s i e v i n g .  L inea r  programming of t h e  
computerized d a t a  s imply  allows a  more d e t a i l e d  examination of t h e  complex s e t  
of combinations of l a n d  use  than i s  p o s s i b l e  bp convent ional  methods. 
The d e t a i l e d  r e s u l t s  of Bishop's  s tudy a re  not r e l e v a n t  h e r e  b u t  they i n d i c a t e d ,  
f o r  example, t h a t  w i t h i n  t h e  cu r ren t  c o n s t r a i n t s  of des igna ted  l and ,  output  of 
timber could b e  achieved by a f f o r e s t a t i o n  mainly i n  marginal  l a n d  c l a s ses .  To 
compensate f o r  t h e  l o s s  of a g r i c u l t u r a l  production from t h e  marginal land some 
r e d i s t r i b u l i o n  o f  u s e  on t h e  r e n ; a i n i n ~  l a n d  i s  ~ ~ C C C S E T ! .  10 rr i l ir t i i in t h e  
a g r i c u l t u r a l  o u t p u t .  Thus i t  i s  i m p o r t a n t  t o  r e c o n g i z e  t h a t  8 v a r i e t y  o f  
p a t t e r n s  of u s e  can a c h i e v e  s i m i l a r  l e v e l s  o f  o u t p u t ,  t h e  l i n e a r  p r o g r a m i n g  
model b e i n g  d e s i g n e d  t o  i d e n t i f y  t h e  op t inum p a t t e r n  f o r  p a r t i c u l a r  
o b j e c t i v e s .  
T h e r e  a r e  many prob lems  i n v o l v e d  i n  s u c h  an e x e r c i s e ,  n o t  l e a s t  i n  t h e  
comparison f o r  m a t e r i a l  a n d  a e s t h e t i c  u s e s ,  t h e  accuracy  of t h e  p r o d u c t i o n  
v a l u e s ,  t h e  s e n s i t i v i t y  of t h e  model t o  changes  i n  v a r i a b l e s  and t h e  
d i f f i c u l t y  i n  t e s t i n g  t h e  v a l i d i t y  o f  t h e  p r o j e c t i o n s .  However, t h e s e  a r e  
t h e  same prob lems  t h a t  app ly  t o  most p l a n n i n g  s i t u a t i o n s  and methods. They 
may b e  p h r a s e d  i n  a  d i f f e r e n t  l anguage  b u t  t h e  model i s  b a s i c a l l y  fo l lou . ing  
t h e  same s t e p s  which a r e  t r a d i t i o n a l l y  t d e n  i n  t h e  mind of t h e  p l a n n e r .  The 
model however makes t h e  assumpt ions  e x p l i c i t l y  m.d a l l o n ~ s  t h e  p l a n n e r ,  o r  
more l i k e l y  t h e  g roup  o f  p l a n n e r s ,  t o  e x p l o r e  t h e  c o m p l e x i t i e s  of t h e  s i t u a t i o n ,  
i n t e g r a t i n g  t h e  d a t a  v h i c h  he  h a s  p a i n s t a k i n g l y  c o l l e c t e d  and e x a m i n i n g  i t s  
s t r e n g t h s  and weaknesses .  T h i s  approach  i s  an a i d  t o  t h e  c r i t i c a l  t h i n k i n g  
o f  t h e  p l a n n e r s ,  j u s t  t h e  same as t h e  s o i l s  map o r  t h e  e s t i m a t e s  of l a n d  
c a p a b i l i t y .  
EXAMINING THE COMPATABILITY OF LAND USE POLICIES 
Whether  c o n s i d e r i n g  p o l i c i e s  d i c t a t e d  by Government Departments o r  p roposed  by 
l o c a l  p r e s s u r e  g r o u p s ,  i t  i s  o f t e n  n e c e s s a r y  t o  c o n s i d e r  how t h e  competing 
i n t e r e s t s  can  b e  accommodated w i t h i n  a  l a n d  u n i t .  An example of t h i s  t y p e  i s  
p r o v i d e d  by a development  of B i s h o p ' s  model a p p l i e d  t o  t h e  Sedbergh D i s t r i c t ,  
a s m a l l  p a r t  o f  Cumbria,  by Smith and Budd (1982). 
' i t h i n  t h e  Sedbergh  D i s t r i c t  t h e  main e l e m e n t s  of t h e  p o l i c i e s  o f  t h e  
a g r i c u l t u r a l ,  f o r e s t r y  and c o n s e r v a t i o n  o r g a n i z a t i o n s  were  i d e n t i f i e d  as 
p r o t e c t i o n  of t h e  b r o a d l e a v e d  woodlands ,  good q u a l i t y  a g r i c u l t u r a l  l a n d ,  Common 
Land and s i t e s  o f  c o n s e r v a t i o n  i n t e r e s t  and r e s t r i c t i o n  of c o n i f e r o u s  
a f f o r e s t a t i o n  t o  t h e  p o o r e r  a g r i c u l t u r a l  l a n d .  To t r a n s l a t e  t h e  v a r i o u s  
p o l i c i e s  i n t o  a  g e n e r a l  s t r a t e g y  f o r  t h e  a r e a ,  r e p r e s e n t a t i v e s  from t h e  
i n t e r e s t e d  o r g a n i z a t l o n s  p a r t i c i p a t e d  i n  i d e n t i f y i n g  t h e  a c c e p t a b i l i t y  of l a n d  
u s e s  i n  s p e c i f i e d  l a n d  c l a s s e s .  
From l o c a l  i n f o r m a t i o n  t h e  p r o d u c t i v i t y  o f  t h e  l a n d  c l a s s e s  w e s  d e f i n e d  end i n  
combina t ion  w i t h  t h e  i d e n t i f i e d  p o l i c y  a ims ,  was I n c o r p o r a t e d  i n t o  a  l i n e a r  
programming model f o r  t h e  d i s t r i c t .  Economic v a l u e s  were  p l a c e d  on m a t e r i a l  
i n p u t s  and o u t p u t s  t o  p r o v i d e  a  common c r i t e r i o n  f o r  comparison o f  a g r i c u l t u r e  
and f o r e s t r y .  I n  t h e  a b s e n c e  of an a c c e p t a b l e  economic a s s e s s m e n t  of t h e  
c o n s e r v a t i o n  Value Of  p a r t i c u l a r  a r e a s ,  t h o s e  a r e a s  were  e x c l u d e d  from t h e  
o p t i m i z a t i o n  s e q u e n c e s .  
The model was u s e d  t o  i d e n t i f y  t h e  d i s t r i b u t i o n  o f  l a n d  u s e s  w h i c h  was 
c o m p a t i b l e  w i t h  t h e  v a r i o u s  p o l i c i e s  and F i g u r e  1 maps t h e  l a n d  u s e  p a t t e r n  
which would maximize e x p a n s i o n  of a f f o r e s t a t i o n  w h i l e  p r o t e c t i n g  l a n d  i d e n t i f i e d  
i n  t h e  p o l i c i e s  o f  o t h e r  u s e r s .  A f f o r e s t a t i o n  i s  p r o j e c t e d  main ly  on t h e  
u p p e r  s l o p e s  and t h e  p a t t e r n  o f  u s e s  l a r g e l y  c o r r o h a t e s  g e n e r a l  o p i n i o n  on t h e  
p r e f e r r e d  s o l u t i o n .  The c r i t i c a l  a ssessment  t h e r e f o r e  p r o v i d e s  q u a n t i t a t i v e  
s u p p o r t  f o r  t h e  p o l i c i e s  and c o l l a b o r a t i o n  i n  t h e  assessment  h e l p s  t o  p r o v i d e  a  
b e t t e r  u n d e r s t a n d i n g  o f  t h e  i n t e r a c t i o n s  between u s e s .  The f i n a n c i a l  
e x p r e s s i o n  o f  t h e  d a t a  a l s o  a l l o w s  t h e  p o s s i b l e  e f f e c t  of changes  i n  economic 
v a l u e  t o  b e  examined,  i n d i c a t i n g  a r e a s  where  a  d e c i s i o n  on l a n d  a l l o c a t i o n  i s  
l eas t  l i k e l y  t o  be a f f e c t e d  by e x t e r n a l  f a c t o r s .  
COMMLR\'ICATION AND IMPLEMENTATION 
An i m p o r t a n t  f e a t u r e  o f  t h e  Sedbergh s t u d y  was t h e  p a r t i c i p a t i o n  o f  t h e  p o l i c y  
o r g a n i z a t i o n s  i n  t h e  d e f i n i t i o n  o f  t h e  i n f o r m a t i o n  i n c l u d e d  i n  t h e  model, i n  
i d e n t i f y i n g  o p t i o n s  t o  b e  examined and i n t e r p r e t i n g  t h e  r e s u l t s .  I n  many 
ways t h e s e  o r g a n i z a t i o n s  o r  i n d i v i d u a l s  a r e  t h e  p l a n n e r s  and d e c i s i o n  makers 
o r  have  t h e  c a p a c i t y  t o  p romote  l a n d  a l l o c a t i o n .  The model p r o v i d e d  s common 
f o c a l  p o i n t  t h r o u g h  which  t h e y  c o u l d  i n t e r a c t ,  e x p r e s s i n g  t h e i r  v iews i n  a  
p r e c i s e ,  q u a n t i t a t i v e  f o r m ,  t h e  consequences  of which c o u l d  t h e n  h e  examined. 
Such an approach h a s  b e e n  a  c h a r a c t e r i s t i c  of t h e  p l a n n i n g  methods developed by 
H o l l i n g  and co-workers  i n  Canada and s e e n  i n  t h e  involvement  o f  l o c a l  l a n d  
o a n e r s  i n  t h e  p l a n n i n g  o f  t h e  r e c r e a t i o n a l  development o f  t h e  a l p i n e  v i l l a g e  
of Obergurg l  ( R o l l i n g  1978). 
Problems of i m p l e m e n t a t i o n ,  th rough  t h e  absence o f  an o v e r a l l  a u t h o r i t y  o r  t h e  
p r e s e n c e  of a  number o f  l a n d  owners,  a r e  l a r g e l y  o u t s i d e  t h e  s c o p e  of t h e  use  
o f  q u a n t i t a t i v e  models .  Such problems e x i s t  w i t h  any p l a n n i n g  s i t u a t i o n  b u t  
t h e  u s e  of f i n a n c i a l  i n c e n t i v e s  and advice a r e  w e l l  t r i e d  s o l u t i o n s .  Rowever 
t h e  approach of model l ing  can he lp  i n  examining t h e  l e v e l  of i n c e n t i v e  t h a t  can 
t i p  t h e  economic b a l a n c e  from one land  use  t o  ano the r .  A t  t h i s  po in t  u,e 
r e t u r n  t o  t h e  e a r l y  s t a g e s  of t h e  p lanning  p r o c e s s e s ,  t h a t  of monitoring t o  
d e t e c t  t h e  r a t e  of  change r e s u l t i n g  from t h e  implementat ion of dec i s ions .  
CONCLUSIONS 
The examples g iven  above have been drawn from a  very l i m i t e d  s e t  of s t u d i e s .  
I t  i s  easy  t o  a rgue  ove r  d e t a i l ,  but  t h e  i n t e n t i o n  of t h i s  Appendix i s  t o  
emphasize t h e  n e e d  f o r ,  and t h e  value o f ,  t h e  d i s t i n c t  s t a g e  of examining opt ions  
f o r  land  use a l l o c a t i o n .  The use of v a r i o u s  forms of models encourages t h e  
d e f i n i t i o n  of policies, exp lo ra t ion  of a range of  o p t i o n s  and t h e  i n t e r a c t i o n s  
between land  use .  Although such models a r e  f a r  from p e r f e c t ,  t h e i r  
f l e x i b i l i t y  a l lows  i d e a s  and informat ion  t o  be  e x p l i c i t l y  Incorpora t ed  i n t o  
them. They r e p r e s e n t  t e c h n i c a l  a ids  which reduce  s u b j e c t i v i t y  a t  a  s t a g e  which 
i s  t r a d i t i o n a l l y  l e f t  t o  deba te ,  and i n c r e a s e  t h e  u s e  of t h e  comprehensive d a t a  
which a r e  u s u a l l y  c o l l e c t e d  i n  t h e  e a r l y  s t a g e s  of t h e  p l ann ing  process .  
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Appendix Figure 1. POTENTIAL LAND ALLOCATION IN TEE SEDBERGE DISTRICT OF CUldBRIA 
An example of the land use pattern which could allow increase in forestry, with 
minimum disruption of land use policies defined by other agencies. (From Smith 
& Budd 1982) 
RESEARCH W E D S  Ih' FORESTRY 
Topics i d e n t i f i e d  as  i n  need of f u r t h e r  research  by a  workshop sponsored by t h e  
Unive r s i ty  of London I n t e r d i s c i p l i n a r y  Cornnittee f o r  t h e  Environment. and the  
K a t u r a l  Environment Research Council,  hlarch 1982. 
The workshop i d e n t i f i e d  36 t o p i c s  (grouped under n ine  headings)  as  needing 
f u r t h e r  r e s e a r c h .  These t o p i c s  were no t  ranked i n  o r d e r  of p r i o r i t y  f o r  t h e  
fol lou. ing reasons :  
i )  a l l  r e q u i r e  k t t e n t i o n  and i t  i s  n o t  p o s s i b l e  t o  f o r e c a s t  t h e  
i m p l i c a t i o n s  t h a t  research  on these  t o p i c s  could have f o r  f o r e s t r y ;  
i i )  t h e  *orkshop p a r t i c u l a r l y  emphasised t h e  importance of i n t e r d i s c i p l i n a r y  
approaches which could involve t o p i c s  l i s t e d  under more than one 
heading - e f f e c t i v e  co l l abora t ion  between d i f f e r e n t  d i s c i p l i n e s  can 
produce r e s u l t s  of g r e a t e r  long-term va lue  than  in-depth s t u d i e s  of 
v a r i o u s  p r o b l e m ,  however e x c e l l e n t  t h e s e  may b e  i n  t h e i r  own r i g h t ;  
i l l )  f o r e s t  s t r u c t u r e  i s  con t inua l ly  changing - t h e  workshop recognised 
t h e  need t h e r e f o r e  f o r  s e q u e n t i a l  and comprehensive s e r i e s  of 
o b s e r v a t i o n s ,  whether they be  concerned w i t h - r o o t  growth, n u t r i e n t  
c y c l i n g  o r  t h e  developmental changes from s a p l i n g  t o  mature t r e e ;  
i v )  t h e  p r o p e r  d i v i s i o n  of e f f o r t  between b a a i c  and appl ied  r e sea rch ,  
though n o t  d i scussed  a t  the  workshop, i s  c l e a r l y  a  ma t t e r  of 
cons ide rab le  importance f o r  those  concerned wi th  ttre funding and 
d i r e c t i o n  of r e sea rch .  
1 LAND USE 
The key q u e s t i o n  is  - 'how Can we achieve an optimum balance  between increased 
f o r e s t  product ion  and o t h e r  land uses? '  To answer t h i s  we need t o :  
- i n v e s t i g a t e  t h e  d i r e c t  ~ n d  i n d i r e c t  e f f e c t s  of f o r e s t r y  on agriculture 
- develop c r i t i c a l  methods f o r  a s sess ing  conservat ion  and amenity b e n e f i t s ,  
and f o r  e v a l u a t i n g  t h e  n e t  e f f e c t s  of o t h e r  i n t e r a c t i n g  land use options.  
2 SOILS 
UK f o r e s t e r s  have been ' c r e a t i n g '  f o r e s t  s o i l 6  s i n c e  t h e  Napoleonic Wars, 
s process  which h a s  i n c r e a s i n g l y  l e d  t o  expansion o n t o  otherwise i n t r a c t a b l e  
s o i l s  (such as  pea t  bogs and upland h e a t h s )  invo lv ing  heavy inpu t s  of 
energy. We need t o :  
- s tudy t h e  e f f e c t s  of s i t e  p repa ra t ion  on s o i l  c h a r a c t e r i s t i c s  and 
t r e e  s t a b i l i t y  
- f u r t h e r  determine t h e  f a c t o r s  a f f e c t i n g  roo t  d i s t r i b u t i o n  
- e v a l u a t e  t h e  cyc l ing  of n u t r i e n t s ,  w i th  s p e c i a l  a t t e n t i o n  t o  
f u n c t i o n a l  p rocesses  - t h e  i n t e r a c t i o n =  of t h e s e  processes  with t h e  
carbon cyc le  need f u r t h e r  s tudy  
- i n v e s t i g a t e  those  a spec t s  of t h e  management of s t a n d s  which may 
maximise both t h e  e f f i c i e n c y  of use o f  s o i l  n u t r i e n t s  and t h e  r e t u r n s  
from f e r t i l i s e r s .  
3 HYDROLOGY 
H i t h e r t o  r e s e a r c h  h a s  concen t ra t ed  on t h e  q u e s t i o n  'do  f o r e s t s  use more watez 
than does g r a s s ? '  The c r u c i a l  ques t ion  now i s  'how do f o r e s t s  a f f e c t  
s easona l  r m - o f f  and hence r e s e r v o i r  y i e l d ,  r i v e r  flows and s o  on?' We 
should: 
- extend t h e  d e t a i l e d  s t u d i e s  c a r r i e d  ou t  on Plynlimon t o  a f f o r e s t e d  
catchments of d i f f e r e n t  ages i n  d i f f e r e n t  c l i m a t e s  and s o i l s ,  with 
p a r t i c u l a r  r e fe rence  t o  t h e  p r o b a b i l i t y  of f l a s h  f looding 
- s tudy t h e  e f f e c t s  of a f f o r e s t a t i o n  and o f  f e l l i n g  on water  q u a l i t y  
( involv ing  t h e  de terminat ion  of ion  b a l a n c e s ) ,  p o t a b i l i t y  and stream 
b i o t a  
- i n v e s t i g a t e  t h e  s u r f a c e r e s i s t a n c e s  and t r a n s p i r a t i o n  of a  range of 
t r e e  s p e c i e s  and provenances. 
4 PATHOGENS 
The most f r e q u e n t  c ause  o f  d i s e a s e  i s  a  d i s t u r b a n c e  o f  t h e  b a l a n c e  between hos t  
and pa thogen ,  o f t e n  a r i s i n g  from t h e  consc ious  impor t  of e x o t i c  t r e e  s p e c i e s  o r  
t h e  i n a d v e r t e n t  i n t r o d u c t i o n  of  e x o t i c  ( o r  more v i r u l e n t )  pa thogens .  Me 
s h o u l d  unde r t ake :  
- a n t i c i p a t o r y  r e s e a r c h ,  i n v o l v i n g  t h e  s e l e c t i v e  s t u d y  of p o t e n t i a l  pathogens 
of  t r e e s  grown i n  B r i t a i n ,  b o t h  n a t i v e  and i n t r o d u c e d  
- s t u d i e s  Of v a r i a t i o n  i n  t h e  v i r u l e n c e  of pathogens and i n  h o s t  r e s i s t a n c e  
- c o n s i d e r a t i o n  o f  t h e  p r o b l e m  a s s o c i a t e d  w i t h  c l o n a l  f o r e s t r y  ( f o r  example, 
t h e  d e s i r a b l e  deg ree  of  d i v e r s i t y )  . 
5 INSECT PESTS 
H % i l s t  s p e c i e s  w l o n i s i n g  i n t r o d u c e d  t r e e s  i n  B r i t a i n  shou ld  b e  r eco rded  and 
t h e i r  n a t i v e  h a b i t a t s  s h o u l d  b e  i d e n t i f i e d ,  such i n f o r m a t i o n  i s  l i k e l y  t o  b e  of 
l i m i t e d  v a l u e  f o r  t h e  p r e d i c t i o n  of  ou tb reaks  of  damaging p e s t s .  E f f o r t s  
s h o u l d  be c o n c e n t r a t e d  on: 
- i n v e s t i g a t i o n s  of h o s t / s i t e / p e s t  i n t e r a c t i o n  
- f a c t o r s  a f f e c t i n g  t h e  d i s p e r s i o n  of  i n s e c t s  
- methods of  app ly ing  c o n t r o l  agen ts  ( i n s e c t i c i d e s ,  v i r u s e s ,  pheromones, o r  
o t h e r s )  
- moni to r ing  t h e  e f f e c t s  o f  such  c o n t r o l  agen t s  on non - t a rge t  s p e c i e s  
- t h e  i d e n t i f i c a t i o n  and i s o l a t i o n  of  v i r u s e s  w i t h  a p p r o p r i a t e  p a t h o g e n i c i t i e s  
and s p e c i f i c i t i e s ,  i n  p a r t i c u l a r  f o r  t h e  c o n t r o l  o f :  
l a r c h  s awf ly  (Cepha l c i a  l a r i c i p h i l a )  
p i n e  l o o p e r  (Bupalus  p i n a r i u s )  
p i n e  shoo t  moth (Rhyac ion ia  b o u l i a n a )  
6 PHYSIOLOGY 
The main c o n t r i b u t i o n  of physiology t o  f o r e s t r y  i s  i n  providing a  b e t t e r  
understanding of t h e  f a c t o r s ,  both  i n t e r n a l  and e x t e r n a l ,  which a f f e c t  and 
c o n t r o l  the  growth and reproduct ion  of t r e e s .  Useful  inforrcat ion i s  
l i k e l y  t o  come from r e s e a r c h  c a r r i e d  out  on a  wider renge of s p e c i e s  than  those 
of p a r t i c u l a r  i n t e r e s t  t o  commerical f o r e s t r y .  Topics needing f u r t h e r  work 
are :  
- t h e  i d e n t i f i c a t i o n  of i n h e r e n t  f a c t o r s  determining y i e l d  i n  bo th  q u a n t i t y  
and q u a l i t y ,  i n c l u d i n g  t o l e r a n c e  of n u t r i e n t  d e f i c i e n c i e s  and upland 
condi t ions  
- t he  physiology and s t r u c t u r e  of r o o t s ,  with p a r t i c u l a r  emphasis on windthrou. 
and n u t r i e n t  uptake  ( i n c l u d i n g  t h e  ro le  of mycorrhizas) 
- s t u d i e s  r e l a t i n g  t h e  s i z e ,  form and wood p r o p e r t i e s  of mature t r e e s  wi th  
t h e i r  e a r l y  growth, t o  provide  a  b a s i s  f o r  t h e  r ecogn i t ion  i n  young t r e e s  
of c h a r a c t e r i s t i c s  impor tant  l a t e r  on - t h i n  i n f o r n a t i o n  would be  
p a r t i c u l a r l y  v a l u a b l e  f o r  S i t k a  spruce 
- i n v e s t i g a t i o n s  of t h e  physiology of f lowering (with informat ion  needed on 
S i t k a  s p r u c e ,  beech and oak) ,  j u v e n i l i t y  and ageing,  and v e g e t a t i v e  
propagation,  i n c l u d i n g  t i s s u e  c u l t u r e  
- t h e  de te rmina t ion  of t h e  f a c t o r s  con t ro l l ing  seed  v i a b i l i t y ,  p r o d u c t i v i t y  
and germinat ion.  
7 GENETICS 
Although f o r e s t e r s  have at tempted f o r  many years  t o  improve t h e  q u a l i t y  of t h e i r  
breeding s t o c k ,  t h e r e  i s  much b a s i c  research requi red  on: 
- t h e  e f f e c t s  of s e l e c t i o n  on a  wider range of spec ies  than a t  p r e s e n t  
s t u d i e d ,  u s i n g  bo th  provenance t r i a l s  and l abora to ry  t e s t i n g  
- t he  amount end s i g n i f i c a n c e  of i n h e r i t e d  v a r i a t i o n  i n  both coni ferous  
and broadleaved s p e c i e s  
- changes i n  progeny and clone c h a r a c t e r i s t i c s  and performance a i t h  both 
age and s t a n d  development,  a l s o  an examination of t h e  p o t e n t i a l  f o r  
e x p l o i t i n g  geno type - s i t e  i n t e r a c t i o n s  
- t h e  i n h e r i t a n c e  of  wood p r o p e r t i e s  
- r e sea rch  i n t o  seed  o rcha rd  management 
8 WAGEhENT OF BROADLEAVED WOODLAh'DS 
The primary aim of r e s e a r c h  i s  t o  determine t h e  in f luence  of  management on 
t imber  p r o d u c t i o n ,  n a t u r e  conse rva t ion ,  and o t h e r  b e n e f i t s .  We need t o :  
- def ine  t h e  e x t e n t  and n a t u r e  of broadleaved woodland i n  B r i t a i n ,  and 
- 
c l a s s i f y  i t  wi th  r e f e r e n c e  t o  t imber  product ion ,  w i l d l i f e  conserva t ion ,  
landscape ,  amenity and o t h e r  uses 
- i n v e s t i g a t e  s i l v i c u l t u r a l  and management techniques  ( e s p e c i a l l y  weed 
c o n t r o l ) ,  w i t h  t h e  aim of  decreas ing  c o s t s  whi le  main ta in ing  o r  improving 
t r e e  y i e l d  and q u a l i t y  
- develop methods f o r  t h e  product ion  of f a s t  growing, high q u a l i t y  p l a n t i n g  
s t o c k ,  i n  p a r t i c u l a r  by i n v e s t i g a t i n g  provenance d i f f e r e n c e s  and c l o n a l  
propagat ion  
- i n v e s t i g a t e  t h e  wood p r o p e r t i e s  and p o t e n t i a l  uses of broadleaved t r e e s .  
9 WILDLIFE AND CONSERVATION 
Ver t eb ra t e s  ( e s p e c i a l l y  r e d  dee r )  may be s imultaneously p e s t s ,  r e sources  f o r  
food ,  and a  va luab le  amenity. ?bere i s  a  f i n e  balance between c o n t r o l  and 
conserva t ion .  We need t o :  
- i d e n t i f y  and e v a l u a t e  t h e  e f f e c t s  on t h e  n a t u r a l  fauna and f l o r a  mosaics 
of p l a n t e d  and unplanted  blocks of d i f f e r e n t  shapes and s i z e s  
APPENDIX I1 
6 
- s tudy t h e  r o l e  Of deciduous i s l a n d s  in prov id ing  w i l d l i f e  h a b i t a t s  i n  
coni ferous  woods, and determine t h e  e f f e c t s  of a reas  grown beyond t h e i r  
normal r o t a t i o n a l  age 
- q u a n t i f y  t h e  e f f e c t s  of f o r e s t s  and fauna  and f l o r a  i n  t h e i r  v i c i n i t y  
- i n v e s t i g a t e  t h e  b io logy and behaviour  o f  s q u i r r e l s  (both red  and grey)  
and a l l  d e e r  s p e c i e s  i n  r e l a t i o n  t o  t h e i r  e f f e c t s  on t h e  development o f  
n a t u r a l  and man-made woodlands. ' 
RESEARCH RECOMMENDATIONS FROhI CENTRE FOR AGRICULTURAL STRATEGY, 
REPORT 6 ,  1900: STRATEGY FOR THE UK FOREST INDUSTRY 
I ' I nc reas ing  t h e  l e v e l  of s e l f - s u f f i c i e n c y  i n  t imber  invo lves :  
i )  improving t h e  output  from each f o r e s t  t o  a  l e v e l  t h a t  can be  sus t a ined  
wi thou t  r i s k  of h i g h e r  c o s t s  i n  t h e  f u t u r e ;  
i i )  improving t h e  e f f i c i e n c y  of u t i l i s a t i o n  of t h e  wood from each t r e e  o r  
ha  Of land.  
To achieve t h e s e  o b j e c t i v e s ,  r e s e a r c h  must cont inue  on a  wide range  of top ics .  
I WOOD PRODUCTION 
i )  Research i s  needed i n t o :  t h e  e c o l o g i c a l  b a s i s  of p roduc t ion ;  s i t e  
s e l e c t i o n  and t r ea tmen t  ; i n t e r a c t i o n s  between s i t e s  and ' species  o r  provenances; 
a l t e r n a t i v e  methods t o  g ive  s u s t a i n e d  product ion  a t  a s i t e  wi thou t  r i s k  of s o i l  
d e t e r i o r a t i o n  ( i n c l u d i n g  c u l t i v a t i o n ,  dra inage ,  f e r t i l i s e r  use  a t  p l a n t i n g  and 
dur ing  t h e  l i f e  of t h e  p l a n t a t i o n ) .  
i i )  Researah con t inues  t o  b e  necessa ry  on h a r v e s t i n g  methods and b a s i c  
f o r e s t r y  eng inee r ing .  Safeguards and long-term moni to r ing  a r e  needed t o  reduce 
t h e  r i s k  of s i t e  d e t e r i o r a t i o n .  E f f i c i e n t  product ion  and u t i l i s a t i o n  of wood 
s t a r t s  a t  t h e  s t a g e  of h a r v e s t i n g ,  and t h e  g r e a t e r  t h e  volume h a r v e s t e d  t h e  
g r e a t e r  t h e  r i s k  of s i t e  d e t e r i o r a t i o n ,  e s p e c i a l l y  on t h e  poorer  s o i l s  normally 
used f o r  f o r e s t r y .  
i i i )  To p rov ide  hardy s p e c i e s  which g ive  good volume and q u a l i t y  production f o r  
s p e c i f i c  s i t e  c o n d i t i o n s ,  r e sea rch  i s  needed on t r e e  phys io logy,  s p e c i e s  
s e l e c t i o n  and t r e e  breeding.  Most s p e c i e s  and b r e e d i n g  re sea rch  i n  t h e  W is 
c u r r e n t l y  concerned wi th  c o n i f e r s ,  though investment  p e r  u n i t  of value produced 
is  l e s s  than f o r  a g r i c u l t u r a l  crops.  Research i n t o  broadleaved s p e c i e s  l a g s  
even f u r t h e r  beh ind ;  more work i s  needed on b reed ing ,  s i l v i c u l t u r e  and 
production of n u r s e r y  s t o c k .  
i v )  Research must continue:  s i l v i c u l t u r a l  systems ( a l t e r n a t i v e s  t o  p l a n t a t i o n  
f o r e s t r y ) ;  improved means of propagat ion  and e s t a b l i s h m e n t ;  work t o  s u i t  spec ies  
t o  s i tes;  t h e  f e a s i b l e  e x t e n t  of i n t e g r a t i o n  of farming and f o r e s t r y ;  
modif ica t ions  of s i l v i c u l t u r a l  systems t o  c a t e r  f o r  t h e  needs of amenity and 
w i l d l i f e .  
v) A con t inu ing  programme of p r o t e c t i o n  r e sea rch  i s  e s s e n t i a l  where 
i n t e n s i v e  t i m b e r  product ion  i s  p r a c t i s e d .  This i n c l u d e s :  entomology and 
pathology;  e f f e c t s  of a p p l i c a t i o n  of chemicals; b i o l o g i c a l  c o n t r o l  of d i s e a s e s  
and p e s t s .  
I n  a t tempt ing  t o  r a i s e  p r o d u c t i v i t y  r a p i d l y  a t  a  t ime when energy c o s t s  were s t i l l  
r e l a t i v e l y  low, t h e  Fores t ry  Commission concent ra ted  on high i n p u t  f o r e s t r y .  
D i f f i c u l t  e s t ab l i shment  Conditions o r  p e s t s  have been d e a l t  us ing  low 
l abour ,  high c a p i t a l  i npu t  methods. Such s o l u t i o n s  may no  longer  be  f e a s i b l e .  
APPENDIX 111 
2 
Moreover, t h e  uee Of cropping systems which a r e  r a d i c a l l y  d i f f e r e n t  from 
n a t u r a l  s y s t e m  may have s i d e  e f f e c t s  s t i l l  unknown. The p o s s i b i l i t y  t h a t  
t h e  inhe ren t  v a l u e  of l and  may b e  eroded r e q u i r e s  urgent  s t u d y ;  s o  t h a t  
techniques  may b e  developed which g ive  s u s t a i n e d  product ion  wi thout  
damaging t h e  s o i l  o r  t h e  environment. 
WOOD UTILISATI ON 
Members of t h e  Home Grown Timber Advisory Committee (RGTAC) inc lude :  t h e  
F o r e s t r y  Commission (FC), i n d u s t r i a l  i n t e r e s t s  and t h e  f o r c ~ s t  products  
l a b o r a t o r y  of t h e  Bui ld ing  Research Es tabl i shment .  Some r e s e a r c h  a t  t h e  
l a b o r a t o r g  of t h e  Bui ld ing  Research Establ ishment  i s  sponsored by t h e  FC and 
I n d u s t r y  d i r e c t l y .  Aa. i n s t i t u t i o n a l  framework f o r  l e s e a r c h  exists, bu t  it 
appears  t h a t  a t  p r e s e n t  r e s o u r c e s  a r e  t h i n l y  sp read ,  r e s u l t i n g  i n  a  piecemeal 
approach t o  t h e  major problems of t h e  i n d u s t r y ,  such as: t imber  p r o p e r t i e s  
and u t i l i s a t i o n ,  p r e s e r v a t i o n  and f i n i s h e s ,  products  and product  development 
and marketing (Bu i ld ing  Research Es tabl i shment  1979). Work is needed i n  t h e  
fo l lowing f i e l d s :  
1 )  t imber  d r y i n g  and p r e s e r v a t i o n :  ex tending t h e  l i fe . .and determining t h e  
b e s t  use of home-grown and imported t imber  (new processeb a re  needed which can 
b e  adopted by s m a l l  sawmills  and timber ya rds ) ;  
I marketing B r i t i s h  t imber:  g rad ing  techniques  and machinery; r e v i s i o n  o f  
s p e c i f i c a t i o n s  a s  necessa ry ,  and suit in^ t imber produced t o  a wide range of 
a p p l i c a t i o n s ;  
i l l )  improving des ign  methods t o  save  timber w h i l s t  r e t a i n i n g  s t r e n g t h  and 
s a f e t y ;  f u r t h e r  r e sea rch  on g lues  and r e s i n s  f o r  bonding s o l i d  wood and pane l s  
components ; 
i v )  t educ ing  sawmil l ing  w a s t e s  and r e s i d u e s  t o  a  minimum, f o r  example by t h e  
development of t echn iques  t o  c u t  wood smoothly, a l s o  by making f u l l  u se  of 
r e s i d u e s  ( i n c l u d i n g  degraded waste)  f o r  secondary products .  More work on 
r e c y c l i n g  f o r e s t  products  i s  a l s o  needed. 
- 
FORESTRY-RELATED FUNDAMENTAL RESEARCH 
To allow t h e  f o r e s t  i n d u s t r y  t o  a n t i c i p a t e  and provide  f o r  p o s s i b l e  f u t u r e  
developments, more b a s i c  r e s e a r c h  i s  needed on: 
I)  t h e  e f f e c t s  of f o r e s t s  and o t h e r  vegeta t ion  types  on t e r r e s t r i a l  
hydrolo=,  t o  make p o s s i b l e  a r a t i o n a l  approach t o  t h e  problems of compet i t ive  
l a n d  use;  
1 )  the  phys io logy of t r e e s  and t h e  i n t e r a c t i o n  of physiologg and c l ima te ;  
i i i )  animal behaviour  and demography and t h e  s u r v i v a l  of p l a n t  s p e c i e s  i n  
changing environments,  s o  as t o  f o r e c a s t  l i k e l y  e f f e c t s  of f u r t h e r  
a f f o r e s t a t i o n  on w i l d l i f e  conse rva t ion ;  
I 
iv) t h e  e f f e c t s  of f o r e s t s  on s o i l s :  t he  l i k e l i h o o d  and n a t u r e  of 
d e t e r i o r a t i o n  i n  s i t e  q u a l i t y  need t o  be  i d e n t i f i e d ;  
v  t h e  e c o l o g i c a l  systems under ly ing  all forms of f o r e s t  l i f e ,  from t r e e s  t o  
t h e i r  p e s t s ;  
V) t h e  assessment  of f o r e s t r y  r e sea rch  - should  p r o j e c t s  be measured i n  terms 
of t b e i r  c o s t - e f f e c t i v e n e s s ,  t h e i r  e f f i c i e n c y  wi th  r e s p e c t  t o  energy i n p u t ,  o r  
by o t h e r  c r i t e r i a ?  
SOCIO-ECONOMI C RESEARCR 
Increased  a f f o r e s t a t i o n  and t imber  product ion  a f f e c t  o t h e r  f i e l d s  g iv ing  r i s e  t o  
t h e  fo l lowing  q u e s t i o n s :  
i )  What a r e  t h e  i m p l i c a t i o n s  of f o r e s t r y  f o r  r e g i o n a l  development? 
a)  What a r e  t h e  needs of r u r a l  communities? Should c a p i t a l  
o r  l a b o u r  i n t e n s i v e  methods be p re fe r red?  How should  l abour  be 
o r g e n i s e d  t o  overcome f l u c t u a t i n g  labour demand a t  any f o r e s t  s i t e ?  
b) A m  w i l l  t h e  i n t r o d u c t i o n  of f o r e s t r y  o r  i n t e g r a t e d  f o r e s t r y  and 
farming a f f e c t  t h e  infrastructure of t h e  r u r a l  economy, employment and 
tourism? 
C) What i s  t h e  optimum s t r u c t u r e  of t h e  UK wood p rocess ing  i n d u s t r y  
and how can it b e  achieved? Where should m i l l s  b e  l o c a t e d ?  
d) What needs a r e  t h e r e  f o r  extended t r a i n i n g  and educat ion  
f a c i l i t i e s  f o r  f o r e s t r y  and wood process ing?  Bow can s a f e t y  s tandard8 
be  improved? 
i f )  What are t h e  long-term i m p l i c a t i o n s  of a f f o r e s t a t i o n  of l e a s e d  o r  t enan ted  
land? 
i i i )  How impor tan t  a r e  f o r e s t s  a s  a  r e c r e a t i o n a l  r e source :  should  they  be  
developed and i f  s o ,  how? What e l s e  can be done t o  conserve w i l d l i f e  i n  t h e  
countryside? 
i v )  What s o r t  o f  product  should  be  produced f o r  f u t u r e  needs (what p ropor t ion  
of hardwood and softwood,  sawlogs and smallwood? 
v) Bow w e l l  can p r i c e s  b e  f o r e c a s t ?  Is the  p r e s e n t  system of i n c e n t i v e s  and 
t a x a t i o n  adequate t o  promote t h e  d e s i r e d  l e v e l  o f  p r i v a t e  s e c t o r  p l an t ing?  
The i n t e r a c t i o n s  of f o r e s t r y  With o t h e r  uses  of t h e  l a n d  r e q u i r e  d e t a i l e d  
a n a l y s i s  s o  t h a t  t h e  cost6 and b e n e f i t s  o f  a f f o r e s t a t i o n  may be  accura te ly  
q u a n t i f i e d  and e v a l u a t e d .  Also, t h e  economics of a l t e r n a t i v e  si lvicultural  
systems,  i n c l u d i n g  i n t e g r a t e d  farming and f o r e s t r y ,  r e q u i r e  f u r t h e r  
i n v e s t i g a t i o n .  ' 
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MAJOR AREAS FOR RESEARCH DEVELOPMENT I N  BIOFUEL PRODUCTION I N  UK 
RECOMMENDED BY CARRUTHERS AND JONES (1983) 
' 1 )  ECONOMICS 
a )  D e t a i l e d  economic s t u d i e s  o f  p a r t i c u l a r  b i o f u e l  product ion  
o p p o r t u n i t i e s ,  such as wood energy p l a n t a t i o n s  i n  t h e  uplands,  
h)  Exp lo ra t ion  of markets f o r  s p e c i f i c  t echno log ies  (eg on farm o r  
r e g i o n a l  anaerobic  d i g e s t e r s ,  g a s i f i c a t i o n  p l a n t s )  as determined 
by f eeds tock  a v a i l a b i l i t y  and energy demand. 
i i )  POLICY 
a) An assessment  of t h e  r e l a t i v e  s t r a t e g i c  va lue  o f  food,  f u e l  and 
t imber  product ion  a t  a n a t i o n a l  l e v e l .  
b) Stud ies  of t h e  s o c i a l  and economic impl i ca t ions  of t h e  development 
of b i o f u e l  product ion  a t  t h e  l o c a l ,  r e g i o n a l  and n a t i o n a l  l e v e l .  
i i i )  FEEDSTOCK PRODUCTION 
a) F u l l - s c a l e  demonstrat ion of t h e  most promising systems (eg wood 
energy p l a n t a t i o n s ,  bracken management). 
b )  F u r t h e r  r e sea rch  on e x i s t i n g  and novel  f u e l  c rop  s p e c i e s  t o  improve 
y i e l d s  and e a s e  of management. 
C) Development of h a r v e s t i n g  machinery f o r  f u e l  c rops  and r e s i d u e s .  
d)  Development and demonst ra t ion  of a g r o f o r e s t r y  systems and t h e  
i n t e g r a t i o n  of b i o f u e l  product ion  with crop and animal product ion ,  
and r e c r e a t i o n .  
e )  Research on i n t e g r a t e d  systems of product ion ,  energy use  and 
r e c y c l i n g  of w a s t e s  and n u t r i e n t s .  
i v) FEEDSTOCX CONVERSION 
a) P i l o t  p l a n t  d e m n s t r a t i o n  of technologies  such as thermal  p rocess ing  
t o  produce methanol and s u b s t i t u t e  n a t u r a l  gas.  
b) F u r t h e r  development of o t h e r  technologies ,  such as anaerobic  
d i g e s t i o n ,  t o  produce cheap,  r e l i a b l e  and simple systems f o r  use  on 
t h e  farm. 
v FUEL LITILISATION 
a)  In t h e  s h o r t  term - development and demonstrat ion of t h e  use  of 
b i o f u e l s  as s u b s t i t u t e s  f o r ,  o r  a d d i t i v e s  t o ,  convent ional  f u e l s ,  
and their use i n  convent ional  engines,  b o i l e r s  and furnaces .  
b) In t h e  l o n g e r  term - development of engines s p e c i f i c a l l y  designed 
f o r  b i o f u e l s  and of m u l t i f u e l  engines.  1 
APPENDIX V 
INSTITUTE OF TERRESTRIAL ECOLOGY PROGRAMME 13: 
LbXD RESOURCES AND LAND USES 
The primary o b j e c t i v e  o f  t h e  Programme is: 
' To p m d u c e  ana lyses  of t h e  environmental c h a r a c t e r i s t i c s  of t h e  l and  
re sources  of B r i t a i n ,  and of how t h e s e  resources  a r e  now used. These 
analyses  w i l l  summarise why t h e  p r e s e n t  land use p a t t e r n  has  developed. 
They s h o u l d  enab le  p r e d i c t i o n s  of t h e  changes i n  l a n d  use t h a t  may 
occur o v e r  t h e  n e x t  20 y e a r s ,  and t h e  e c o l o g i c a l  i m p l i c a t i o n s  of such 
changes, g iven  e i t h e r  t h e  con t inua t ion  of p r e s e n t  t r e n d s ,  o r  a l t e r n a t i v e  
p o l i c i e s .  ' 
Such e c o l o g i c a l  assessments  a r e  r e q u i r e d  a t  r e g i o n a l ,  n a t i o n a l  and i n t e r n a t i o n a l  
l e v e l s .  They are needed t o  inform and support  p l ann ing  p o l i c i e s  and dec i s ions ,  
a s  components of a  wide range of r e sea rch  p r o j e c t s ,  and more gene ra l ly  as 
sources  of d a t a .  Every e f f o r t  must b e  made t o  achieve c o m p a t i b i l i t y  between 
d a t a  from d i f f e r e n t  l e v e l s  o f  s tudy.  This i s  e s s e n t i a l  t o  ensure  e f f e c t i v e  
c ross  r e f e r e n c e  between d a t a  a t  r e g i o n a l  and n a t i o n a l  s c a l e s  w i t h i n  B r i t a i n ,  
and should assist comparat ive eva lua t ions  of B r i t a i n  i n  t h e  European context .  
Lia ison  wi th  o t h e r s  w i l l  be necessary.  Oppor tuni t ies  f o r  co-operative work 
with c e n t r a l  e x e c u t i v e  departments and agencies,  r e g i o n a l  a u t h o r i t i e s ,  
U n i v e r s i t i e s  and o t h e r  academic i n s t i t u t i o n s ,  and w i t h  o t h e r  Research Councils 
w i l l  b e  sought  and welcomed. 
